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complex. It is tightly associated with the
catalytic Brg subunit, dissociating from
themultisubunit complex at amuch higher
urea concentration than the well-known
BAF47/hSNF5/INI1 or BAF250/ARID1
subunits, for example. Importantly, the
SS18-SSX fusion protein becomes
incorporated into the BAF complex in
place of SS18, and this in turn results in
the eviction, and subsequently proteaso-
mal degradation, of the BAF47 subunit
(Figure 1, lower).
BAF47 is already a well-established
tumor suppressor. For example, loss of
the BAF47 gene causes extremely
aggressive malignant rhabdoid tumors
(MRTs), and its re-expression in MRT
cells stops their proliferation (Kia et al.,
2008). It might therefore be expected
that eviction of BAF47 also plays an
important role in human synovial sar-
coma tumorigenesis. In agreement with
this idea, the altered BAF complex
binds the Sox2 locus and reverses
polycomb-mediated repression, result-
ing in activation of this pluripotency
gene. Sox2 is uniformly expressed in
human synovial sarcoma tumors and is12 Cell 153, March 28, 2013 ª2013 Elsevier Iessential for their proliferation, so its
anomalous activation may well be
transformative.
It is intriguing that evictionofBAF47,and
thus transformation, depends on only two
amino acids of the SSX protein, explaining
whySSX1,SSX2, andSSX4, but notSSX3,
are observed in synovial sarcoma fusion
proteins: SSX3 has methionine-isoleucine
in place of the evicting lysine-arginine
amino acid pair found in the otherwise
highly conserved SSX homologs. Alto-
gether, this fascinating story of a unique
oncogenic transformation mechanism un-
derscores the frustratingly random nature
of human cancer: if it invariably elicits effi-
cient programs to drive cellular transfor-
mation, even an exceedingly rare and un-
likely event like that in human synovial
sarcoma may become a recurring human
health issue.
Encouragingly, the findings of Kadoch
and Crabtree indicate potential avenues
of therapeutic intervention. As the authors
point out, if—for example—a decoy
molecule could be developed that
causes the BAF47-evicting amino acids
of the transformative SSX molecules tonc.resemble the corresponding surface of
the benign SSX3 protein it would offer
some hope for the development of a
new treatment that builds on understand-
ing the fusion protein’s unusual mecha-
nism of action.REFERENCES
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Chen et al. demonstrate a newway bywhich noncoding RNAs tailor the function ofmulticomponent
complexes. They show that a noncoding RNA interacts with an exoribonuclease, altering its sub-
strate specificity and enzymatic activity by serving as a ribonucleoprotein scaffold and, perhaps,
a gate for entry of the RNA substrate.Multiprotein complexes are the work-
horses of the cell and provide critical
functions that are necessary for cellular
growth and viability by merging related
activities into compact molecular ma-
chines. Protein-protein interactions are
well known to be involved in allostericregulation, altering substrate specificity
and localization of enzymatic function
to specific subcellular compartments.
Several RNAs that serve as scaffolds
for such molecular machines have
been described, including yeast TLC1
RNA and telomerase (Lebo and Zappulla,2012), pRNA and the Ø29 DNA-
packaging motor (Harjes et al., 2012),
and IRES elements and translation fac-
tors. The ability of RNAs to scaffold mo-
lecular machines is also being inves-
tigated for synthetic biology applications
(Delebecque et al., 2012). Given the
Figure 1. Regulation of Protein Function by RNA Cofactors
Noncoding RNAs can change the ‘‘perspective’’ of protein enzymes through
the formation of ribonucleoprotein complexes. On the left, a PNPase (and
perhaps other cellular ribonucleases) has little ability to discriminate between
different types of RNA substrates. On the right, after formation of an RNP
structure in which the noncoding Y RNA bridges an interaction between the
Ro protein (the lens of the monocle) and PNPase, the enzyme is able to
distinguish structured RNAs more clearly and is much more selective
regarding the type of RNA substrate that it prefers.abundance of noncoding
RNAs (ncRNAs) in cells,
could they act as dynamic
scaffolds for ribonucleopro-
tein (RNP) complex for-
mation, altering enzymatic
functions and regulating
cellular processes? In this
issue of Cell, Chen et al. find
that this may be the case for
the Ro protein-Y RNA com-
plex (Chen et al., 2013).
The authors demonstrate
that, in the extremophile De-
inococcus radiodurans, the
noncoding Y RNA acts as
an adaptor between the
Ro protein ortholog Rsr (an
RNA-binding protein) and
the polynucleotide phos-
phorylase (PNPase, a 30-50exoribonuclease) to produce an RNA
degradation machine with altered sub-
strate preference and enzymatic
function (Figure 1). Previous data from
the Wolin laboratory have shown that
Rsr associates with Y RNA and that in-
teractions between Rsr and the PNPase
are important for RNA degradation
(Wurtmann and Wolin, 2010). How this
process actually works, however, has
been unclear. Based on biochemical an-
alyses, electron microscopic image
reconstruction, and modeling to a known
Ro protein-Y-RNA fragment, the authors
present a new model in which a dual
ring structure channels RNA substrates
into the PNPase enzymatic cavity. In
the EM reconstructions based on previ-
ous crystallographic structures, Y RNA
fits within a narrow density between Rsr
and the PNPase. Interestingly, no con-
tacts between the proteins are observed.
This, along with the analysis of the inter-
actions of purified factors, suggests that
Y RNA is responsible for holding the
complex together. Y RNA not only serves
as the backbone of the complex, but
also blocks the KH/S1 domain of
PNPase, reducing the enzyme’s ability
to interact with single-stranded RNA
substrates. Thus, the Rsr-Y RNA-
PNPase machine is more active on
structured RNA substrates and less
active against single-stranded RNA sub-
strates than the free PNPase enzyme.
Interestingly, this Y-RNA-assembled de-
gradation machine appears to beconserved in Salmonella typhimurium,
indicating that the components are
part of an evolutionarily conserved RNP
system.
In addition to the PNPase regulation
described above, ribonuclease activities
in cells generally appear to be tightly
regulated in macromolecular complexes.
The dual endo/exoribonucleases J1 and
J2 in B. subtilis form a complex that
regulates their enzymatic activity and sub-
strate specificity (Mathy et al., 2010). In eu-
karyotic cells, the poly(A)-specific exonu-
cleases CCR4 and CAF1 localize
together in a complex that is assembled
around the NOT1 scaffold (Petit et al.,
2012). Rrp6 and isoforms of the Dis3 30-50
exonucleases are sequestered and func-
tion as part of a large exosome complex
(Drazkowska et al., 2013). As these
macromolecular complexes utilize pro-
tein-protein interactions to regulate
ribonuclease function, it is particularly
interesting that, in this example, an RNA
that would ultimately be a substrate for
the enzyme has been chosen by the
cell to regulate the function of a powerful
ribonuclease.
A major implication of the Chen et al.
study is that enzymatic function/protein
associations can be dynamically con-
trolled by the level and type of the ncRNA.
Most organisms contain more than one
Y RNA species with a Ro protein-binding
stem and significant variations in their
loop structures (Sim and Wolin, 2011).
Interestingly, it is the loop structuresCell 153, March 2that serve as the assembly
site for the PNPase, perhaps
suggesting that additional
proteins may be regulated
in a similar fashion. Moreover,
there is no a priori reason why
other ncRNAs could not func-
tion in a similar fashion in
other RNP machines. Thus,
ncRNAs could be used to
select different protein pair-
ings and to provide altered
RNP functions. Indeed, direct
protein-protein interactions
may be only a small part
of the puzzle for how environ-
mentally responsive macro-
molecular machines are
formed and regulated. Y
RNAs, for example, are known
to interact with at least fiveother proteins (RoBP1, hnRNP I, hnRNP
K, nucleolin, and ZBP1), and it will be
interesting to see whether such RNA-pro-
tein interactions also affect these cellular
factors.
Another intriguing hypothesis is that al-
terations in environmental conditions
might change ncRNA expression, folding,
or general availability and might drive the
formation of RNP complexes with
enhanced properties to help the cell adapt
to its new environment. Along these lines,
we note that, whereas Rsr interacts with
RNase II and RNase PH during heat stress
to help mature rRNA (Chen et al., 2007),
it interacts with the PNPase during the
stationary phase to degrade misfolded
RNA (Wurtmann and Wolin, 2010). It will
be interesting to see whether changes
in scaffolding ncRNAs under these
different conditions allow Rsr to form
new RNP structures or alter the sub-
cellular localization of an RNP.
In closing, this study emphasizes the
potential for ncRNAs to adapt protein
modules to varied functions. The compo-
nents of RNPs, therefore, may be easily
changed bymixing andmatching different
parts, making them more like the beloved
classic Mr. Potato Head toy than previ-
ously thought.ACKNOWLEDGMENTS
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Cullin-RING ubiquitin ligase complexes (CRLs) rely on a vast array of adaptor proteins to recognize
their substrates. Pierce et al. and related papers from Zemla et al. and Wu et al. in Nature
Communications show that Cand1 promotes exchange of adaptor proteins to regulate the CRL
repertoire.At some point during the lifetime of a
cell, virtually all of its proteins have had
direct contact with the small protein
ubiquitin (Grabbe et al., 2011). Some
become temporarily modified as a
signaling event. Most of them experience
it during their last minutes as a destruc-
tion signal preceding their degradation.
This vast array of targets requires a
very versatile cellular system of ubiquitin
ligases that attach ubiquitin specifically
to the intended proteins. The largest
group of this enzyme class is the
modular cullin-RING ubiquitin ligases
(CRLs) with their hundreds of different
substrate receptors (Petroski and De-
shaies, 2005). However, it is largely un-
known how cells adapt their huge reper-
toire of CRLs to immediate needs for a
specific ligase. There have been reports
that substrates can activate their specific
ligase, but how the substrate adaptor is
integrated into a ligase is not known.Now, in this issue of Cell, Pierce et al.
(2013), together with works by Wu et al.
(2013) and Zemla et al. (2013), shed light
on how cells can make use of substrate
receptors.
All three studies focus on the best-un-
derstood CRL, the SCF (Skp1, cullin,
and F box) complex, comprised of the
scaffold Cul1 and one of a family of adap-
tors, the F box proteins (FBPs, Figure 1A).
Like all CRLs, SCF complexes become
activated with the attachment of Nedd8
in a process called neddylation (Duda
et al., 2008). One other regulator crucial
for SCF activity is Cand1. Genetic studies
in various organisms have clearly shown
that Cand1 functions as an activator of
CRLs (e.g., Bosu et al., 2010). However,
in vitro evidence pointed toward an inhib-
itory role of Cand1 on CRLs (Liu et al.,
2002). The crystal structure of Cand1
bound to Cul1 especially emphasized
its negative impact on CRL assemblywhereby Cand1 blocks both the FBP-
binding site and the neddylation site
(Goldenberg et al., 2004).
To better understand the relationship
between Cand1, the FBPs, and Cul1,
Raymond Deshaies and colleagues apply
FRET-based real-time assays to measure
the association and disassociation ki-
netics of Cand1 and FBPs with Cul1.
They confirm previous reports that the
FBP, in complex with the small adaptor
Skp1, binds tightly to Cul1 and that the
addition of Cand1 displaces the FBP/
Skp1-dimer (Figures 1B–1D). By mea-
suring the kinetics of this disassembly
they show that Cand1 drastically acceler-
ates the dissociation of FBPs from Cul1.
Importantly, the effect of Cand1 is limited
to the disassembly; the kinetics of
the SCF complex assembly remained un-
changed. Intriguingly, the same effect of
FBP/Skp1 is detected for the Cand1-
Cul1 interaction: stably bound Cand1 is
